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Recent shutdowns of nuclear power plants have raised concerns
about electric power supply shortages in Japan. Under the tight
demand–supply balance, critical peak pricing (CPP) is a means of
controlling electricity demand and alleviating the tight balance.
CPP increases electricity prices to punitive levels at peak hours on
critical days announced beforehand. In response to CPP strategies,
people may change their patterns of electricity usage by turning off
their air conditioners at home and/or leaving the home to minimize
electricity consumption. This assumption suggests a correlation between
electricity demand and trip generation, which past studies on electricity
pricing and transportation research have yet to investigate fully.
The purpose of this study is to assess the effect of CPP on trip gener-
ation to provide a perspective for the integrated analysis of electricity
demand and travel behavior. In this paper, we analyze the impact of
CPP on home-based trip generation using stated preference (SP) data,University, 2217-20
2140.
saka-u.ac.jp (K. Doi).
c and Safety Sciences.
Trafﬁc and Safety Sciencesclarify the cost of CPP for the households, and discuss the possibilities
of improving accessibility to help conserve energy.
The paper is structured as follows. Section 2 gives a literature review
for demand response analyses of electricity and its relationships with
transportation. Section 3 describes the inquiry survey and data used in
this study. Section 4 explains the models of behavior for electricity
consumption and trip generation. Section 5 provides the results of an
assessment of CPP's impact on both energy conservation and cost for
aged households. Section 6 is the conclusion.
2. Literature review
Many empirical and experimental studies have estimated the impact
of peak load pricing on electricity demand since the 1970s [1–5]. Recent
studies have revealed the actual demand response to CPP via experi-
ments [6,7], compared the impact of several experiments of peak pric-
ing [8,9], and discussed possible pricing schemes using smart meters
[10], including real-time electricity pricing [11]. Many studies have
estimated the price elasticity of demand based on experimental data
on actual response to electricity price changes; these investigations
have found that the pricing scheme has a substantial effect on demand
control. However, no study has clariﬁed how people reduce their elec-
tricity consumption: apparently, they have been assumed to turn off
their air conditioners at home or leave the home. It is important to
deconstruct electricity-saving behavior because it might raise other
concerns in energy demand for transportation.. Production and hosting by Elsevier Ltd. All rights reserved.
Fig. 2. Number of people by age.
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on the consumption of electricity and transportation by household.
However, the authors considered these two types of energy demand
separately without examining their interaction. Yu et al. [13] developed
a household location choice and energy consumptionmodel for Beijing,
China. The study explained household preference for end-use hardware,
including air conditioners and cars, according to the attributes of house
location and household socio-economic characteristics. The authors
calculated the energy consumption for each piece of hardware to
maximize the utility of household under total expenditure constraints.
The utility function, a log-linear model of expenditure, expresses the
substitutability between electricity consumption in the house and
energy use by car. As the utility is constituted by the expenditure in
this model, however, it cannot analyze the impact of electricity price
changes on travel behavior.
In summary, many studies have analyzed electricity and transporta-
tion energy demand, but very few studies have dealt with their substi-
tutability. In addition, no study has assessed the impact of electricity
prices on home-based trip generation explicitly. This study analyzes
the impact of CPP on both energy conservation in the home and trip
generation and assesses its effects on electricity demand and disbeneﬁt
to the household.
3. Data
We obtained inquiry survey data on household use of and attitudes
toward electricity in the Kinki region (Osaka, Kyoto, Nara, Hyogo,
Shiga, andWakayama). The questionnaire contains 411 items, including
household characteristics, ownership of home appliances like air condi-
tioners and power generators, consciousness of electricity conservation,
and reactions to proposed pricing plans. The surveywas conducted over
the Internet from February to March 2012, and 64,000 valid responses
were collected. This study analyzes energy-saving behavior against the
CPP; therefore, households in which more than one person stays at
home during the day were extracted. The number of samples meeting
this condition was 44,804.
Fig. 1 shows the number of sample households by prefecture. This
ﬁgure shows that the study obtained a larger number of samples from
more urbanized prefectures like Osaka, Hyogo, and Kyoto. Fig. 2 shows
the number of people in the sample households by age. This ﬁgure indi-
cates that the dataset represents the demography of the region well
compared with the demographic census data in 2010 and that there
are enough sample households with infants and/or aged people.
Fig. 3 shows the locations of sample households, a set of data derived
by matching the corresponding postal codes with GIS information. The
ﬁgure illustrates that many sample households were located in urban
areas, and substantial number of samples were located in the country-
side as well. This distribution ensured that the sample included house-
holds that are subject to a variety of different transportation conditions.
The questionnaire investigates the stated preference of households
regarding their energy-saving behavior under assumed CPP levels andFig. 1. Number of samples by prefecture.weather conditions. In this survey, the respondent were reminded the
tight supply–demand balance as the aftermath of the 2011 Great East
Japan Earthquake, and CPP was assumed to be introduced mandatory
to all households by government. This context is quite different from a
situation of energy efﬁciency improvement to achieve environmental
goals at ordinary period. The choice set for the air conditioner (AC) is
“turn off,” “raise (lower) the preset temperature in summer (winter),”
and “use as usual.” For the television (TV), households can choose
between “turn off” and “use as usual.” They can also choose “stay at
home” or “go out” to save electricity usage. All of these items are pre-
sented in the choice set at once, and respondents check all that apply.
They may choose plural items considering different situations such as
having visitors or illness of familymembers. However, it is natural to as-
sume that respondent households that choose “go out” have no choices
for AC and TV usage (people are assumed to turn them offwhen they go
out). In other words, “go out” and the other items are exclusive in actual
situation. The plural responses can be interpreted as potential choices
of behavior under various situations with CPP. The CPP levels are set
to twice, four times, six times, and 10 times of the current price, and
the weather conditions are set to “heat wave day” (a day on which the
maximum temperature exceeds 35 °C), “hot day” (a day on which the
maximum temperature exceeds 30 °C), and “freezing day” (day on
which the minimum temperature drops below 0 °C). Peak hours areFig. 3. Locations of sample households.
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day, and 6:00–8:00 p.m. for a freezing day.
Regarding transportation, availability of car usage or distance to
public transport, as well as the destination of go out trip are not
questioned in this survey. Even though this research implies the substi-
tutability between building and transportation energy use, the energy
consumption by travel is not estimated. Combining the location data
of rail stations and bus stops on GISwith the postal codes of the respon-
dent residence, the distance to public transports is estimated. However
the estimation error could be signiﬁcant at county side because some of
the zones of postal code are large.
Fig. 4 shows responses for each energy-saving behavior by CPP level.
The data for energy-saving behavior pertaining to air conditioner and
TV use comes from respondents who do not leave the home. This ﬁgure
indicates that the proportions of energy-saving behavior increase as the
CPP level rises and the increasing rates of responses tend to decrease as
the CPP level goes up. This data implies that the energy-saving effects of
price measures may have a saturation level and that some households
may not be able to change their behavior in response to price changes
because of various unobserved constraints.
Looking at a) and d) in Fig. 4, the response shares are almost identi-
cal for heat wave day and hot day while b) and c) have difference at
higher CPP levels for these weather conditions. In the questionnaire,
these conditions are given by maximum daily temperature and not by
the monetary cost increase for each choice. It is expected that respon-
dents do not accurately estimated the cost impact of theweather condi-
tion. However theymade different responses in turning off of AC and TV.
The energy consumption by AC increases when temperature rises,
therefore it is reasonable that heat wave day marked higher response
share than hot day. However, energy consumption by TV is not changed
by the weather condition. The difference by weather may happen be-
cause some people may turn off TV to compensate the increase of ener-
gy use for AC.
The choice set of a) and b) is exclusive in actual situation, and turn
off AC is the popular response against the price increase. It might effectFig. 4. Responses for energy-savon the insensitivity of a) changing preset temperature of AC against the
weather conditions. Go out behaviors might be constrained by various
individual factors including having visitors, illness of family members,
or inconvenience in transportation. Even though, theweather condition
affects the electricity cost to stay home, this insensitivity of go-out
behavior may reﬂect these unobserved constraints assumed by the
respondents.
4. Model
4.1. Method
In this study, a discrete choice model assuming the following deci-
sion structure (Fig. 5) represents energy-saving behavior. When a CPP
scheme is introduced, people are assumed to consider whether they
want to stay home or go out. If they go out, all the electric appliances
except refrigerator are assumed to be turned off. When they stay at
home, it is assumed that they decide how to use the air conditioner
and TV. The major drivers of these decisions are assumed to be the
cost of and beneﬁt from the use of the appliances, and the decision to
stay home or go out is assumed to be affected by the cost of the electric-
ity. This decision tree is represented by nested logit model shown here.
The ﬁrst behavior tomodel is the decision on how to use the air con-
ditioner and TV. The choice probability of behavior k is expressed as the
following equation:
Prk ¼
Sk  exp Vkð ÞX
k′∈Ω exp Vk′ð Þ
ð1:Þ
where, Sk is the saturation level of behavior k, Vk is the utility of behavior
k, and k is an element of choice set Ω {“use as usual,” “change preset
temperature,” “turn off”} for the air conditioner and {“use as usual,”
“turn off”} for the TV. Sk is assumed to unity for the air conditioner
model because the sum of the response shares for “change preset” anding behavior by CPP level.
Fig. 5. Decision structure for energy saving driven by CPP.
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TV, STO for the choice of “turn off” is estimated using the following equa-
tion:
STO ¼ STO þ
X
i∈ΩTO
Si  ηi ð2:Þ
where ηi is a dummy variable of the household by the age of its
members. ΩTO is the set of household types. The utility of behavior k is
expressed as the following equation:
Vk ¼ θC  Ck þ
X
i∈Ωk
θi  Xi ð3:Þ
where Ck is the electricity cost of behavior k, Xi is a variable representing
household property or a dummyvariable of the behavior,Ωk is the set of
variables to explain the utility of behavior k, and θC and θi are the param-
eters. Details of the variables are explained in the next section.
When the parameters for the air conditioner and TV models are
estimated, the expected minimum costs are expressed as follows:
CM ¼
1
θC
ln
X
k′∈Ω exp Vk′ð Þ: ð4:Þ
Therefore, the expectedminimum cost of staying home is the sumof
these expectedminimumcosts of air conditioner and TVusage, denoted
as CS here. Using this generalized minimum cost variable, the utility of
staying home is formulated as follows:
VH ¼ θS  CS þ θH ð5:Þ
where θS and θH are the parameters. Utility of leaving the home VG is
expressed using the transportation conditions and population density
in the area where the house is located. Using these utilities, the proba-
bility out of leaving the home is formulated as follows:
PrG ¼
SG  exp VGð Þ
exp VGð Þ þ exp VHð Þ
ð6:ÞTable 1
Cost of behavior by CPP level.
(yen/3h)
Original Twice 4 times 6 times 10 times
Air conditioner Use as usual 46.2 92.4 184.8 277.2 462.1
Change preset 41.6 83.2 166.3 249.5 415.9
Turn off 0.2 0.3 0.6 1.0 1.6
TV Use as usual 4.0 8.0 15.9 23.9 39.8
Turn off 0.0 0.1 0.1 0.2 0.3where SG is the saturation level of the probability of going out, which is
estimated using a formula similar to Eq. (2).4.2. Parameter estimation
The parameters of the above model are estimated using the inquiry
data explained in Section 2 and the electricity cost for each behavior.
The costs of the behaviors correspond to the average household con-
sumption and price of electricity for the household (Table 1). First, the
parameters for the air conditioner and TVmodels are estimated bymax-
imum likelihood estimation. Second, these estimates are used to
estimate the model parameters for leaving the home. Tables 2 to 4
show the estimation results.
Table 2 shows the estimates for the air conditioner model. The cost
parameters for all weather conditions are estimated to be negative to
utility and statistically signiﬁcant. This implies that people tend to
choose behaviors with lower costs. Variables of household property
are incorporated in the utility of the “turn off” behavior. The signs of
the parameters suggest that households that are large in size, house-
holds that have all-electric systems, and households whose members
are conscious of turning off the lights and TVwhen they are not needed
tend to turn off the air conditioner. On the other hand, households that
live in detached houses, households with a larger number of members
who stay home during the day, households that have higher income
levels, and households that use electric power generation systems like
photovoltaic generation or gas-engine power generation tend not to
turn off the air conditioner. The coefﬁcient of determination between
the shares of estimated and observed respondents indicates that these
models represent the aggregated behavior of air conditioner usage
quite well.
Table 3 shows the parameter estimation results for the TV model.
The cost parameters for this model are also negative and signiﬁcant
for all weather conditions. This means that people tend to turn off the
TVwhen electricity prices are higher. The estimates of household prop-
erty parameters indicate that people who live in old and large houses,
households where more people stay home during the day, and house-
holds with higher income and power generators tend not to turn off
the TV at peak hours. Meanwhile, people who are conscious of turning
off the light and TV tend to turn their TVs off. The saturation level
(STO) is interpreted as the expected maximum share of respondents
who turn the TV off when the electricity price is sufﬁciently high. The
dummy parameter for households with babies or infants is positive,
which means that households with babies/infants tend to turn the TV
off. On the other hand, households in which all of the members are
aged people tend to keep the TV on.
Table 4 shows the estimates of parameters for the “go out” model.
The utility of leaving the home consists of “population density,” “distance
to rail station,” and “distance to bus stop.” Even though some parameters
are non-signiﬁcant, the signs indicate that people have higher utility to go
out if their houses are located in places with higher population density
levels and nearer to rail stations and bus stops. The utility of staying
home consists of the generalized electric cost and the dummyparameters
in Eq. (5). As expected, electricity costs have a negative effect on staying
home, i.e. higher generalized electricity cost makes utility to stay home
lower due to the negative values of the parameter, and the effect has
sufﬁcient statistical signiﬁcance. Estimates of saturation level SG suggest
that about 60% of people on heat wave and hot days and about 30% of
people on freezing days may potentially go out (leave the home) if the
electricity price is sufﬁciently high. Consequently, one can surmise that
the rest of the peoplewill never leave the home regardless of the electric-
ity price. Households with babies or infants have positive saturation level
values, implying that these households tend to go out more than average
households. On the other hand, households in which all members are
aged have a lower propensity for leaving the home. This is possibly due
to the physical limitations on the ability of aged people to go out.
Table 2
Parameter estimates for the air conditioner model.
Heat wave day Hot day Freezing day
Parameter t–value Parameter t–value Parameter t–value
Cost (θC) –0.002 –41.59 –0.002 –42.95 –0.001 –35.69
Turn off
Household size 0.072 4.49 0.074 4.57 0.041 2.55
Detached house dummy –0.078 –6.94 –0.057 –5.00 –0.102 –8.92
Age of house –0.004 –1.57 –0.002 –0.67 –0.003 –1.13
Floor area 0.008 1.99 0.006 1.51 0.004 0.87
People in home during the  
day
–0.032 –5.48 –0.045 –7.44 –0.011 –1.86
Household income –0.017 –9.66 –0.020 –11.36 –0.018 –9.81
Power generator –0.017 –0.99 –0.022 –1.23 –0.030 –1.71
All–electric system 0.071 5.10 0.063 4.50 0.038 2.69
Conscious turn of fturning 
off the light
0.291 35.05 0.296 35.10 0.260 30.84
Conscious of turning off the  
TV
0.120 15.86 0.113 14.80 0.095 12.42
Non–electric heater – – – – –0.085 –7.12
Dummy to change preset 0.321 11.42 0.377 13.21 0.088 3.03
Dummy to use as usual 0.720 25.50 0.803 27.99 0.768 26.39
Coefficients of determination
Turn off 0.686 0.709 0.756
Change preset 0.742 0.759 0.771
Use as usual 0.887 0.894 0.701
Note) Shaded columns indicate non-signiﬁcant parameters.
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Using the models formulated above, the impact of CPP on energy
demand and disbeneﬁt to consumers were estimated. As is discussed
in Sections 3 and 4, the data implies the existence of households thatTable 3
Parameter estimates for TV usage model.
Heat wave day
Parameter t–v
Cost –0.02 –14
Turn 
off
Household size 0.15 3
Detached house dummy 0.00 –0
Age of house –0.06 –7
Floor area –0.05 –4
People in home during the day –0.14 –9
Household income –0.02 –5
Power generator –0.11 –2
All–electric system –0.01 –0
Conscious of turning off the  
light
0.92 23
Conscious of turning off the  
TV
0.56 22
Saturation level (STO) 0.53 103
With baby/infant 0.05 12
Over 60 only –0.05 –6
Over 70 only –0.03 –1
Both 60s and over 70 –0.02 –1
Coefficients of determination 0.602
Note) Shaded columns indicate non-signiﬁcant parameters.have difﬁculty leaving the home despite the assumed high electricity
prices. These households may consume more electricity than those
who are able to go out; consequently, the impact of CPP varies depend-
ing on the ability to go out. Therefore, segmenting by ability will help
delineate the unequal impact of CPP among various households.Hot day Freezing day
alue Parameter t–value Parameter t–value
.71 –0.02 –15.22 –0.04 –22.78
.49 0.14 3.13 –0.03 –0.65
.06 0.01 0.36 0.01 0.22
.47 –0.05 –6.94 –0.06 –7.74
.84 –0.05 –4.42 –0.08 –7.39
.63 –0.13 –9.28 –0.13 –9.35
.15 –0.04 –8.36 –0.05 –10.16
.41 –0.16 –3.45 –0.12 –2.69
.34 –0.07 –1.74 –0.05 –1.47
.51 0.95 24.06 0.70 22.91
.28 0.58 22.31 0.55 23.21
.42 0.51 103.36 0.45 94.55
.01 0.04 10.22 0.07 17.20
.01 –0.04 –4.75 –0.06 –8.09
.89 –0.04 –2.64 –0.07 –5.08
.86 –0.01 –0.83 –0.05 –4.33
0.612 0.827
Table 4
Parameter estimates for the “go out” (leave home) model.
Heat wave day Hot day Freezing day
Parameter t–value Parameter t–value Parameter t–value
Go out
Population density 0.002 1.16 0.005 2.35 0.005 2.16
Distance to rail station –0.010 –1.85 –0.002 –0.32 –0.006 –0.86
Distance to bus stop –0.080 –2.73 –0.081 –2.63 0.011 0.28
Stay 
home
Generalized electric
cost
–0.0047 –20.12 –0.0047 –19.09 –0.0042 –11.02
Dummy for stay home –5.34 –18.78 –5.42 –18.12 –4.16 –7.72
Saturation level (SG) 0.59 55.40 0.58 56.49 0.29 12.86
Baby/infant 0.13 28.77 0.12 27.65 0.04 8.06
Over 60 only –0.05 –5.90 –0.05 –6.42 –0.05 –5.93
Over 70 only –0.19 –12.37 –0.18 –12.52 –0.13 –8.16
Both 60s and over 70 –0.11 –8.09 –0.11 –7.93 –0.08 –5.75
Coefficients of determination 0.945 0.938 0.941
Note) Shaded columns indicate non-signiﬁcant parameters.
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wave day by CPP level. The “going out” share increases from 38% at
twice the normal CPP level to 50% at 10 times the normal CPP level.
The saturation level is 60%, as shown in Table 4, and the rest, 40% of
the households, is assumed to be unable to go out. The shares of air con-
ditioner and TV use, shown in b) and c), respectively, are for the house-
holds that stay home; the households who go out are assumed to turn
them off and are thus not counted in these ﬁgures. The proportion of re-
spondents who said that they would “turn off” the air conditioner in-
creases from 33% to 46%, while that of “keep on” decreases from 40%
to 32%. The share of “change preset temperature” decreases, suggesting
a different trend from the observed behavior. Changes in TV use are notc) TV 
a) Go out / stay home  
Fig. 6. Shares of energy-saso signiﬁcant; the ratio of respondents who would turn the TV off in-
creases from 40% to 45%. The remaining 55% is assumed to keep the
TV on.
Fig. 7 shows the estimated average household electricity consump-
tion by CPP level on heat wave days. According to the ﬁgure, CPP levels
contribute to reductions in household electricity consumption. However,
the impact of CPP levels is different among the various segments. House-
hold whose residents are able to go out are estimated to reduce their
consumption 33% on average when the CPP rate is ten times its normal
level, but households whose residents are not able to go out reduce
their energy consumption by only 14%. The average value, meanwhile,
is 23%. This means households with residents who are unable to go outb) Air conditioner 
ving behavior by CPP.
Fig. 7. CPP impact on electricity consumption.
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are able to go out. Based on this analysis, an electricity-saving rate of 10%
(the target value in the Kansai area for 2012) would require the CPP level
to be more than 4 times the original price.
The above results imply that households with residents who are not
able to go out suffer the negative impact of CPP more than households
with residents who are able to go out do. Fig. 8 shows the estimated
electricity cost at peak hours for each different CPP level. This ﬁgure
shows that the average electricity cost for both types of household
will increase despite reduced electricity consumption levels for both
groups, as shown in Fig. 7. This ﬁgure also shows that the cost for house-
holds with residents who are unable to go out is much higher than that
for the other group. As shown in Table 4, aged households tend to have
limitations on leaving the home, which means that aged people are
more susceptible to the negative implications of the pricing measures.
To deﬁne the impact on aged people more clearly, we applied the
“go out” model to households with members only over 70, a segment
comprising 489 samples obtained from the dataset. For this estimation,
the generalized electricity cost of staying homewas calculated using the
parameters in Tables 2 and 3. The estimated “go out”model parameters
are shown in Table 5.
All the parameters for the freezing day model are non-signiﬁcant.
This means that these factors may not explain whether aged people
go out during peak hours on freezing days. Meanwhile, the parameters
of the models for the heat wave day and the hot day are mostly signiﬁ-
cant, even though the distance to rail station parameters does not satisfy
the sign condition. It would be logical to assume that these parameters
would be negative because longer distances to the station place might
decrease overall satisfaction to go out. There are several possible expla-
nations for this wrong sign estimation, however: in this analysis, the lo-
cation of residence is in postal code format and thusmay not necessarily
represent the actual location of the respondent's house; this ambiguity
thus makes it more difﬁcult to determine accurate distance to railFig. 8. Electricity cost by CPP level.station values. The distance to rail station factor may also have high
correlation with population density or distance to bus stop. On the
other hand, the other estimates are signiﬁcant and have the expected
signs; aged households located in areas with higher population density
levels and closer to bus stops are estimated to have more freedom to
leave the home.
The parameter values for generalized electric cost are almost the
same as those in Table 4, but those for population density and distance
to bus stop are much larger. This means that these location factors have
a stronger effect onwhether aged people leave the home. Table 6 shows
the estimated electricity cost by CPP for average and aged households,
illustrating that an aged household saves less electricity and pays
more in electricity costs than an average household does. It also shows
signiﬁcant cost difference between available and unavailable house-
holds to go out. Residents of aged households may have difﬁculty
leaving home due to various physical limitations; therefore, fewer
people are expected to go out when electricity prices increase, and
these people thus have to pay more than the average household. This
result implies that CPPmay have amore negative impact on aged people.
The sensitivity of electricity demand to house location conditions
was also analyzed. As shown in Table 4, the parameters for the utility
of “going out” are very small for the average household. Table 7 shows
the elasticity of demandwith respect to population density and distance
to bus stop for average and aged households. For the average household,
the population density elasticity is −2.1 × 10−3. For the households
with residents who are able to go out, it is −4.7 × 10−3. This means
that if population density increases by 10%, demand will decrease
0.047% and 0.021% for the households with residents who are able to
go out and average households, respectively. Distance elasticity, mean-
while, is 5.9 × 10−3 and 2.6 × 10−3 for households with residents who
are able to go out and average households, respectively. Households
with residentswho are unable to go out are not affected byhouse location
conditions because they are assumed not to go out. Overall, these results
imply that the population density and transportation conditions
considered here have almost no effect on electricity demand. This is
possibly because the survey did not investigate the availability of car use.
On the other hand, aged households demonstrate higher elasticity of
demand: population density elasticity is−1.9 × 10−1 for households
with aged residents who are able to go out and−8.4 × 10−2 for average
households. For agedhouseholds, the elasticitywith respect to distance to
bus stop is almost 10 times that for average household. This ampliﬁcation
of the effects that locational and transportation conditions have on aged
household demandmeans that the improvement of public transportation
and urban compaction may alleviate the negative impact of CPP on aged
households and possibly reduce energy demand by encouraging such
residents to go out more often.
6. Discussion
As mentioned in Section 3, our survey obtained SP responses using
the multiple choice questions. This means that go out response is a po-
tential outcome under the ideal conditions for respondents. It would
raise concern of exaggeration of the go out response compared to actual
behavior. Another issue is the fare structure of electricity, especially
revenue neutrality, with which CPP would possibly have no impact on
the behaviors of some consumer classes. In this section, these two issues
are discussed.
As oftenmentioned in past studies, the stated response is a potential
outcome [14] and probably it exaggerates the actual behavior. In real
situations, various transient barriers may prevent going out and some-
times those barriers are difﬁcult to observe. Hence it would not be ade-
quate to apply this SP model alone for prediction of the CPP impact on
energy conservation. Those barriers, even though they are not investi-
gated in this study, may make CPP more expensive for households
than that estimated here because we estimate expected minimum
costs under no certain constraint. Some barriers force people to stay
Table 5
“Go out” model parameters for aged households.
Heat wave day Hot day Freezing day
Parameter t–value parameter t–value Parameter t–value
Go out
Population density 0.105 2.14 0.103 3.65 –0.019 –0.65
Distance to rail station 0.177 1.20 0.528 2.85 –0.023 –0.23
Distance to bus stop –0.911 –2.18 –1.283 –2.70 –0.391 –0.66
Stay
home
Generalized electric cost –0.0044 –2.08 –0.0060 –3.51 –0.0056 –1.94
Dummy for stay home –3.360 –1.48 –5.033 –2.78 –4.989 –1.13
Saturation level (SG) 0.555 2.96 0.487 7.07 0.264 1.03
96 M. Kii et al. / IATSS Research 37 (2014) 89–97home even though staying home is more expensive than go out. Re-
vealed preference data is therefore needed for the prediction but it
should be analyzed with the barriers and constraints explicitly. Recent
development of smart meters is making large sampling of electricity
demand possible, and some projects are trying to capture actual
response of consumers against the peak pricing; those ﬁndings will
provide concrete evidences in the predictive models. Our results may
propose a perspective for the potential substitutability between build-
ing and transport energy use, as well as the generalized cost of pricing
scheme for consumers which should be considered in the future energy
and transport policies.
Usually CPP is introduced with the revenue neutrality, i.e. average
price for average consumer will not change because off-peak price is
reduced. In this survey, concept of revenue neutrality is not informed
to respondents. It was well known among people at the survey period
that the electricity cost has increased due to the shutdown of nuclear
power plant and uprush of import of fossil fuels. Respondents are
expected to recognize that the CPP in the questionnaire is not intro-
ducedwith revenue neutrality but they consider that it just increases
the price at the peak hour. When CPP is introduced with the revenue
neutrality, consumers who use less electricity during the peak hours
may have lower bills without taking any action and they possibly
have no motivation to leave their homes. Go-out or stay home may
depend on the costs of stay home and go out at peak hours; if the
cost to stay home exceeds the cost to go-out home by CPP, they
will go out because it achieves lower total expenditure and higherTable 6
Estimated electricity cost (yen/3h/household).
CPP level
Twice 4 times 6 times 10 times
Average household HH able to go out 53 95 130 186
HH unable to go out 94 182 264 410
Average 69 129 183 274
Aged household HH able to go out 67 122 168 238
HH unable to go out 92 179 260 403
Average 78 147 209 311
Table 7
Elasticity of demand with respect to population density and distance to bus stop.
Population density Distance to bus stop
Average HH able to go out −4.7 × 10−3 5.9 × 10−3
Average −2.1 × 10−3 2.6 × 10−3
Over 70 HH able to go out −1.9 × 10−1 5.4 × 10−2
Average −8.4 × 10−2 2.4 × 10−2overall utility. Even if the revenue neutrality is incorporated with
the CPP, it is expected to curb the overall peak demand. This also
suggests that the travel cost reduction may contribute to reduce
the peak demand with CPP.
7. Conclusion
This study analyzed the impact of critical peak pricing on the
electricity-saving behavior using stated preference data collected in
the Kinki region of Japan. Results showed that CPP has a signiﬁcant
impact not only on energy saving in appliance usage in the home
but also on home-based trip generation.
The data suggests two classes of households: one is able to go out,
and the other is unable to go out of home regardless of electricity prices.
Themodel analysis presented here exposes differences in the impacts of
CPP on these two classes; households with residents who are unable to
go out save less electricity and pay more for it than those who are able
to go out because the residents of the latter household type turn most
of their appliances off when they go out.
We initially expected that location factors such as population density
and transportation conditions would affect “going out” behavior and
electricity saving, but the sensitivity analysis revealed that the corre-
sponding impact is, on average, quite small. Aged households were esti-
mated to be affected more by urban and transportation conditions,
however, a revelation that could reﬂect the limitations on car usage
among aged households. This outcome indicates that people who have
limitations onmobility will suffer more from electricity pricing. Overall,
these results suggest that transportation conditions and urban density
will have effects on how people in the aging society of the future will
consume electricity; thus, an integration of energy pricing measures
with urban and transportation policies may provide further insights
into energy saving and improvements in quality of life.
There are several issues for future study. This analysis employed
population density and distance to public transportation as urban con-
dition factors, but accessibility to services and activities may be better
indices for deﬁning a household's ability to go out. Availability of car
usage is another possibly crucial factor that was not part of this study.
The aged society of the future may experience changes in the average
availability of car usage, and transportation conditions several years
from now may affect energy-saving behavior more than they currently
do.
Energy consumption in transportation is another important point for
consideration. It would be senseless to increase energy consumption in
transportation just to save energy consumption at home. An integrated
analysis of home/building and transportation energy would provide a
comprehensive energy-saving perspective on the larger community.
Finally, effects on quality of life (QoL) are also ripe for explora-
tion. In this paper, the direct cost of electricity serves to deﬁne the
negative effects on QoL. However, electricity cost captures only a
part of the negative impact on consumers; people might force
97M. Kii et al. / IATSS Research 37 (2014) 89–97themselves to leave home or switch off their air conditioners because
of the elevated electricity costs; otherwise, they could simply stay
home or use their air conditioners. This means they sacriﬁce the op-
portunities that the negative impact of direct electricity cost cannot
include in its scope. Energy saving reduces direct costs but induces
opportunity costs. Therefore, utility-based disbeneﬁt or consumer
surplus may provide a fuller, more integrated evaluation. Further in-
tegrated analysis would foster amore comprehensive understanding
of community energy management.References
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